The data supporting the results of the present study are owned by the Washington State Twin Registry (WSTR). Thus, the data cannot be publicly shared as it involves third-party data. However, researchers interested to apply to gain access to the data can do so by contacting the WSTR and completing the appropriate forms stipulated in the WSTR Policies & Procedures guidelines. Application information can be sent to the Scientific Operations Manager at the following URL (<https://wstwinregistry.org/contact-us/>) or via email (<ws.twinregistry@wsu.edu>).

Introduction {#sec005}
============

The novel coronavirus (SARS-CoV-2 virus and associated disease COVID-19, abbreviated as COVID-19 throughout) has disrupted the daily lives of people around the globe. In the United States (U.S.), physical distancing and related closures of businesses and activity spaces (e.g., public and private gymnasiums, athletic fields) have been widely instituted to mitigate the spread of COVID-19. However, these strategies may have unintended consequences on health behaviors and health outcomes.

Regular physical activity is a cornerstone of chronic disease prevention and treatment. Engaging in an active lifestyle is associated with a number of important mental health outcomes \[[@pone.0237695.ref001], [@pone.0237695.ref002]\]. In contrast, physical inactivity is associated with poor mental health outcomes \[[@pone.0237695.ref003]--[@pone.0237695.ref005]\]. These associations are generally robust after controlling for variables that are known to confound the activity--mental health relationship.

There is global concern for the impacts of COVID-19 quarantine and physical distancing measures on health behaviors and physical and mental health \[[@pone.0237695.ref006]--[@pone.0237695.ref012]\], although few studies have addressed these concerns empirically. However, a few recent reports indicate there are impacts of COVID-19 mitigation strategies on psychological symptoms \[[@pone.0237695.ref013]\] and physical activity levels \[[@pone.0237695.ref014]--[@pone.0237695.ref017]\]. One study, conducted in 1,491 Australian adults, reported that negative changes in physical activity, sleep, smoking, and alcohol were associated with higher depression, anxiety, and stress symptoms \[[@pone.0237695.ref018]\]. Building on this prior evidence, the purpose of the present study was to investigate the association between perceived change in the amount of physical activity or exercise and mental health over the short-term in response to COVID-19 mitigation strategies in the U.S. We hypothesized that a decrease in the amount of physical activity or exercise would be associated with higher levels of stress and anxiety. Conversely, we hypothesized that an increase in the amount of physical activity or exercise would be associated with lower levels of stress and anxiety. The current study investigated perceived changes in physical activity and mental health in response to COVID-19 mitigation strategies in identical (MZ) and fraternal (DZ) adult twins. This is an important consideration because the perceived change in physical activity and its association with current mental health, within the context of COVID-19 restrictions, are expected to be primarily attributable to environmental factors that are unique, or non-shared, between individuals. Using twins allowed us to control for genetic and shared environmental factors that are associated with both perceived changes in physical activity levels and mental health. We were therefore able to examine whether associations between perceived changes in physical activity and mental health were confounded by genetic and shared environmental factors \[[@pone.0237695.ref019]\].

Materials and methods {#sec006}
=====================

Participants {#sec007}
------------

The current study included 3,971 individuals from the Washington State Twin Registry (WSTR). Details regarding the WSTR are reported elsewhere \[[@pone.0237695.ref020]--[@pone.0237695.ref022]\]. Participants in this study completed an online survey examining a number of health-related behaviors and outcomes and their impact due to COVID-19 mitigation, administered between March 26 and April 5, 2020. The study was approved by the IRB at Washington State University. A wavier of documentation of consent was obtained from the IRB, and consent was thus assumed by completing the questionnaire. The survey was sent to 12,173 twins; the individual response rate was 32.8% and the pair-wise response rate was 21.2%. These response rates were comparable to prior WSTR survey-based studies (about 32% and 21% individual and pair-wise response rates, respectively, across 13 studies). Demographic characteristics of sample respondents were similar to those in the full WSTR.

Among those who participated in the survey, there were 909 same-sex twin pairs (77% MZ, 23% DZ). Zygosity was determined using five questions in the WSTR enrollment survey asking about childhood similarity. Compared to biological zygosity indicators, the survey items correctly classify zygosity with at least 95% accuracy \[[@pone.0237695.ref023], [@pone.0237695.ref024]\].

Measures {#sec008}
--------

The independent variable was perceived change in physical activity or exercise, assessed by asking participants the following question: "Compared to one month ago (i.e., prior to the spread of COVID-19), how much has your daily life changed in the following areas?". A number of behaviors and activities were assessed; for the present study, we focused on responses to "Amount of physical activity or exercise", with five possible response categories (*decreased a lot*, *decreased somewhat*, *no change*, *increased somewhat*, and *increased a lot*).

Considering the small proportions of participants who responded their amount of physical activity *decreased a lot* (15.1% and 14.0% in full and same-sex twins sample, respectively) or *increased a lot* (5.2% and 5.4% in full and same-sex twins sample, respectively), these two categories were respectively combined with *decreased somewhat* and *increased somewhat*. Participants were thus categorized into three physical activity change groups: decreased, no change, and increased.

Mental health outcomes included stress and anxiety. Stress was assessed using the 10-item Perceived Stress Scale (PSS) \[[@pone.0237695.ref025]\]. Participants were asked about their feelings and thoughts in the last two weeks including the day the participant completed the survey on a 5-point Likert-type scale (0 = *Never*; 1 = *Almost never*; 2 = *Sometimes*; 3 = *Fairly often*; 4 = *Very often*). After reverse-coding responses to the four positively stated items, PSS scores were obtained by summing across all scale items, with higher scores reflecting higher levels of perceived stress (range = 0 to 40). Reliability for this scale was very good (Chronbach's alpha = 0.89, 95% CI = 0.88--0.90).

Anxiety was assessed using the six-item anxiety subscale in the Brief Symptom Inventory (BSI) \[[@pone.0237695.ref026]\]. Participants were asked to indicate how much discomfort each problem has caused them during the past two weeks including the day the participant completed the survey on a 5-point Likert-type scale (0 = *Not at all*; 1 = *A little bit*; 2 = *Moderately*; 3 = *Quite a bit*; 4 = *Extremely*). Anxiety scores were obtained by summing across all items, with higher scores reflecting higher levels of anxiety (range = 0 to 24). Reliability for this scale was also very good (Chronbach's alpha = 0.88, 95% CI = 0.87--0.88).

Participants' age and sex were included as covariates. Age was computed based on the reported date of birth and date of survey completion. Sex was self-reported as man or woman.

Statistical analysis {#sec009}
--------------------

Considering the non-linear associations between perceived change in physical activity or exercise and perceived stress and anxiety (S1 Fig in [S1 File](#pone.0237695.s001){ref-type="supplementary-material"}), we determined that separate comparisons should be made between those who reported a change and those who reported no change in the independent variable. Two comparisons were performed for each outcome: decreased versus no change and increased versus no change, for a total of four comparisons.

We first used the classical twin model to decompose the variances of change in the amount of physical activity, perceived stress, and anxiety into additive genetic (A), shared environmental (C), and non-shared environmental (E) components \[[@pone.0237695.ref027]\]. Next, we used phenotypic regression models (labeled Model 1 in the data tables) to examine the association between change in physical activity and mental health outcomes (S2 Fig in [S1 File](#pone.0237695.s001){ref-type="supplementary-material"}). Perceived stress and anxiety were separately regressed on change in physical activity to estimate the observed association between the independent variable and each mental health outcome (labeled *b*~*phen*~ in S2 Fig in [S1 File](#pone.0237695.s001){ref-type="supplementary-material"}, reflecting the phenotypic or observed association between change in physical activity and mental health, without including genetic or shared environmental confounds).

The models were then re-estimated including estimates of *b*~*A*~ and/or *b*~*C*~, which controls for genetic and shared environmental confounds, respectively, in the estimation of the phenotypic association (S2 Fig in **[S1 File](#pone.0237695.s001){ref-type="supplementary-material"}**). These are referred to as "quasi-causal" models (labeled Model 2); the logic and associated statistical methods are described in detail elsewhere \[[@pone.0237695.ref019]\]. A final set of models were estimated by including participants' age and sex as covariates (labeled Model 3). Perceived stress and anxiety were both square root transformed because they were positively skewed. Age was divided by 10 to allow variables to be on similar scales.

Descriptive statistics were computed for both the full sample and the same-sex twin sample, whereas twin analyses were performed only on the same-sex twin sample, using R 3.5.3 (R Core Team, 2013). All latent variable path analyses were conducted using the computer program Mplus v8.1. The alpha level for testing hypotheses was set to 0.05 *a priori*. Twin-based regression models are generally saturated; the only source of reduced fit involves incidental issues such as differences between twins arbitrarily assigned as Twin 1 and Twin 2 within pairs. All reported models fit the data closely using standard "goodness of fit" tests.

Results {#sec010}
=======

Descriptive statistics for select demographic characteristics, perceived change in the amount of physical activity or exercise, perceived stress, and anxiety are reported for the full sample and for same-sex twin pairs ([Table 1](#pone.0237695.t001){ref-type="table"}). In S1 Text and S1 Table in **[S1 File](#pone.0237695.s001){ref-type="supplementary-material"}**, we provide information on the twin correlations for the exposure and outcome variables.

10.1371/journal.pone.0237695.t001

###### Descriptive statistics of select demographic characteristics, perceived change in physical activity or exercise, perceived stress, and anxiety, among twins in the Washington State Twin Registry.

![](pone.0237695.t001){#pone.0237695.t001g}

                                                             Full sample (*N* = 3,971)   Same-sex twin pairs (*n* = 909 pairs)
  ---------------------------------------------------------- --------------------------- ---------------------------------------
  **Age**                                                    50.4 (16.0)                 49.9 (16.0)
  **Sex**                                                                                
      **Men**                                                1,125 (30.8%)               444 (24.4%)
      **Women**                                              2,746 (69.2%)               1,374 (75.6%)
  **White (non-Hispanic)**                                   3,793 (95.5%)               1,738 (95.6%)
  **Zygosity**                                                                           
      **MZ**                                                 2,385 (60.1%)               1,400 (77.0%)
      **DZ**                                                 1,586 (39.9%)               418 (23.0%)
  **Change in physical activity**                                                        
      **Decreased** [^a^](#t001fn002){ref-type="table-fn"}   1,735 (43.8%)               771 (42.4%)
      **No change**                                          1,045 (26.4%)               557 (30.6%)
      **Increased** [^b^](#t001fn003){ref-type="table-fn"}   1,183 (29.8%)               490 (27.0%)
  **Perceived stress**                                       12.3 (7.2)                  12.6 (7.2)
  **Anxiety**                                                3.6 (3.6)                   3.8 (4.0)

Means (standard deviations) are presented for continuous variables. Frequencies (proportions) are presented for categorical variables.

^a^In the full sample, 15.1% reported "decreased a lot" and 28.7% reported "decreased somewhat." In the same-sex twin sample 14.0% reported "decreased a lot" and 28.4% reported "decreased somewhat.

^b^In the full sample, 5.2% reported "increased a lot" and 21.2% reported "increased somewhat." In the same-sex twin sample, 5.4% reported "increased a lot" and 21.6% reported "increased somewhat."

Change in physical activity and perceived stress {#sec011}
------------------------------------------------

### Increase vs. no change {#sec012}

We found no evidence of an association between perceived change in physical activity or exercise and perceived stress when comparing twins who reported an increase and those who reported no change in physical activity ([Table 2](#pone.0237695.t002){ref-type="table"}). Results were similar in both the phenotypic model (Model 1: *b*~*phen*~ = 0.089, standard error (*SE*) = 0.060, p = 0.139), the quasi-causal model (Model 2: *b*~*phen*~ = 0.024, *SE* = 0.044, p = 0.577), and the quasi-causal model controlling for age and sex (Model 3: *b*~*phen*~ = 0.016, *SE* = 0.028, p = 0.568).

10.1371/journal.pone.0237695.t002

###### Unstandardized parameter estimates for phenotypic and biometric models estimating associations between self-reported change in physical activity or exercise and perceived stress.

![](pone.0237695.t002){#pone.0237695.t002g}

                                                     Model 1            Model 2               Model 3                                 
  ---------------------------- --------------------- ------------------ --------------------- --------------- ------ ---------------- ---------
  **Increase vs. no change**                                                                                                          
                               ***b***~***A***~                                               .152 (.*115*)   .118   .044 (.*049*)    .374
                               ***b***~***phen***~   .089 (.*060*)      .139                  .024 (.*044*)   .577   .016 (.*028*)    .568
                               **Age**                                                                               -.272 (.*017*)   \< .001
                               **Sex (F)**                                                                           .448 (.*070*)    \< .001
  **RMSEA \[90%CI\]**          .020 \[0, .049\]      .018 \[0, .049\]   .032 \[.009, .054\]                                           
  **Decrease vs. no change**                                                                                                          
                               ***b***~***C***~                                               .074 (.*030*)   .015   .166 (.*084*)    .049
                               ***b***~***phen***~   .036 (.*010*)      \< .001               .017 (.*010*)   .090   .050 (.*033*)    .132
                               **Age**                                                                               -.271 (.*017*)   \< .001
                               **Sex (F)**                                                                           .447 (.*070*)    \< .001
  **RMSEA \[90%CI\]**          .020 \[0, .049\]      .013 \[0, .46\]    .036 \[.016, .053\]                                           

Standard errors are presented within parentheses. Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root transformed; age is divided by 10.

*b*~*A*~: amount of variance in perceived stress attributable to additive genetic influences; *b*~*C*~: amount of variance in perceived stress attributable to shared environmental influences*; b*~*phen*~: phenotypic association between predictor and outcome; *RMSEA*: root mean square error of approximation.

### Decrease vs. no change {#sec013}

Results from the phenotypic model (Model 1 in [Table 2](#pone.0237695.t002){ref-type="table"}) showed a significant association between change in physical activity and perceived stress when comparing individuals who reported a decrease and those who reported no change in physical activity (*b*~*phen*~ = 0.036, *SE* = 0.010, p \< 0.001). When between-family confounds were controlled in the quasi-causal model (Model 2), the association was reduced and became non-significant (*b*~*phen*~ = 0.017, *SE* = 0.010, p = 0.090), suggesting that genetic and shared environmental factors confounded the association between a perceived decrease in physical activity and perceived stress. Results remained similar after controlling for age and sex (Model 3: *b*~*phen*~ = 0.050, *SE* = 0.033, p = 0.132).

The phenotypic association between a decrease in physical activity and perceived stress is illustrated in [Fig 1](#pone.0237695.g001){ref-type="fig"}. Concordant decreasing twin pairs (i.e., both members of the pair reported a decrease in physical activity) showed higher levels of perceived stress (leftmost bar in each panel) than concordant no change twin pairs (i.e., both members of the pair reported no change in physical activity; rightmost bar in each panel). The pattern was consistent between MZ (left panel) and DZ pairs (right panel). However, within pairs discordant for change in physical activity (middle two bars in each panel), there was little visible difference in perceived stress levels between members of the pair who reported a decrease (second bar from the left) and co-twins who reported no change in physical activity (third bar from the left).

![Average perceived stress levels between twin pairs concordant and discordant in change in physical activity or exercise among same-sex twin pairs.\
MZ = monozygotic (identical); DZ = dizygotic (fraternal), Error bars denote standard errors.](pone.0237695.g001){#pone.0237695.g001}

Change in physical activity and anxiety {#sec014}
---------------------------------------

### Increase vs. no change {#sec015}

We found no evidence of an association between perceived change in physical activity and anxiety when comparing twins who reported an increase and those who reported no change in physical activity ([Table 3](#pone.0237695.t003){ref-type="table"}). Results were similar in the phenotypic model (Model 1: *b*~*phen*~ = 0.117, *SE* = 0.079, p = 0.141), the quasi-causal model (Model 2: *b*~*phen*~ = 0.085, *SE* = 0.068, p = 0.212), and the quasi-causal model controlling for age and sex (Model 3: *b*~*phen*~ = 0.047, *SE* = 0.040, p = 0.236).

10.1371/journal.pone.0237695.t003

###### Unstandardized parameter estimates for phenotypic and biometric models estimating associations between self-reported change in physical activity or exercise and anxiety.
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                                                     Model 1            Model 2               Model 3                                 
  ---------------------------- --------------------- ------------------ --------------------- --------------- ------ ---------------- ---------
  **Increase vs. no change**                                                                                                          
                               ***b***~***A***~                                               .146 (.*119*)   .218   .039 (.*047*)    .396
                               ***b***~***phen***~   .117 (.*079*)      .141                  .085 (.*068*)   .212   .047 (.*040*)    .236
                               **Age**                                                                               -.221 (.*018*)   \< .001
                               **Sex (F)**                                                                           .612 (.*069*)    \< .001
  **RMSEA \[90%CI\]**          .022 \[0, .050\]      .024 \[0, .052\]   .034 \[.012, .052\]                                           
  **Decrease vs. no change**                                                                                                          
                               ***b***~***C***~                                               .149 (.*086*)   .064   .133 (.*114*)    .245
                               ***b***~***phen***~   .143 (.*039*)      \< .001               .134 (.*042*)   .002   .150 (.*106*)    .158
                               **Age**                                                                               -.218 (.*017*)   \< .001
                               **Sex (F)**                                                                           .613 (.*069*)    \< .001
  **RMSEA \[90%CI\]**          .030 \[0, .056\]      .032 \[0, .058\]   .044 \[.027, .061\]                                           

Standard errors are presented within parentheses. Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root transformed; age is divided by 10.

*b*~*A*~: amount of variance in perceived stress attributable to additive genetic influences; *b*~*C*~: amount of variance in perceived stress attributable to shared environmental influences*; b*~*phen*~: phenotypic association between predictor and outcome; *RMSEA*: root mean square error of approximation.

### Decrease vs. no change {#sec016}

There was a significant association between a decrease in physical activity and anxiety (Model 1: *b*~*phen*~ = 0.143, *SE* = 0.039, p \< 0.001); individuals who reported a decrease in physical activity showed higher levels of anxiety than those who reported no change ([Table 3](#pone.0237695.t003){ref-type="table"}). The association remained significant after controlling for between-family confounds (*b*~*phen*~ = 0.134, *SE* = 0.042, p = 0.002). As shown in [Fig 2](#pone.0237695.g002){ref-type="fig"}, concordant twin pairs who reported a decrease in physical activity had higher levels of anxiety (leftmost bar in each panel) than concordant twin pairs who reported no change in physical activity (rightmost bar in each panel). This association was also evident within MZ pairs discordant for change in physical activity. Members of the twin pair who reported decreased physical activity had higher levels of anxiety (second bar from the left in the left panel) than co-twins who reported no change in physical activity (third bar from the left in the left panel), suggesting a quasi-causal association between decrease in physical activity and anxiety. However, this association was attenuated and no longer significant upon controlling for age and sex (Model 3: *b*~*phen*~ = 0.150, *SE* = 0.106, p = 0.158).

![Average anxiety levels between twin pairs concordant and discordant in change in physical activity or exercise among same-sex twin pairs.\
MZ = monozygotic (identical); DZ = dizygotic (fraternal), Error bars denote standard errors.](pone.0237695.g002){#pone.0237695.g002}

Discussion {#sec017}
==========

Results of the present study support the first hypothesis that a decrease in the perceived amount of physical activity or exercise was associated with higher levels of perceived stress and anxiety. Individuals who reported a decrease in physical activity, in the context of COVID-19 mitigation strategies, were compared to those who reported no change. The phenotypic (between-twin model) association between a decrease in physical activity and stress was attenuated and no longer significant after controlling for between family confounds ("quasi-causal", within-twin model), suggesting that genetic and shared environmental factors confound this relationship. On the other hand, the phenotypic association between a decrease in physical activity and anxiety remained significant after controlling for genetic and shared environmental factors. However, this association was no longer significant after further controlling for age and sex, suggesting that any within-family confounding on anxiety was small.

Older twins were more likely to report slightly lower levels of anxiety (\< 1-point difference in anxiety per 10-year increase in age), and females were more likely to report slightly higher levels of anxiety (\< 0.5 points higher) than males. Interestingly, the proportion of individuals reporting different changes in physical activity did not differ by sex (45.3% decrease, 29.8% no change, and 25.5% increase for males: 41.5% decrease, 31.1% no change, and 27.4% increase for females). Nonetheless, the small proportion of men in this study precludes us from investigating whether the association between change in physical activity and mental health differs by sex.

An increase in the perceived amount of physical activity or exercise was not associated with lower levels of stress and anxiety, providing no support for the second hypothesis. In fact, as shown in S1 Fig in **[S1 File](#pone.0237695.s001){ref-type="supplementary-material"}**, individuals who reported an increase in physical activity had slightly higher levels of stress (mean \[denoted by *M*\], *M*~*Increase*~ = 12.8 versus *M*~*NoChange*~ = 11.4) and anxiety (*M*~*Increase*~ = 4.0 versus *M*~*NoChange*~ = 2.9) than those who reported no change. The difference was not significant, possibly due to the large variance in stress (*SD* = 7.1 and 7.0 for increase and no change groups, respectively) and anxiety (*SD* = 4.1 and 3.4 for increase and no change groups, respectively) in both groups.

As noted in a recent *Viewpoint* (published in *JAMA Intern Med*), stay at home orders across the U.S. (and elsewhere) to mitigate the spread of COVID-19 will undoubtedly have consequences for mental health and well-being in both the short and longer term \[[@pone.0237695.ref028]\]. In this context, at least in the short-term, possible reasons that many individuals reported a decrease in physical activity include having a difficult time managing multiple duties, such as balancing work at home with child care, or lacking resources for physical activity, such as equipment at home or living in neighborhoods that do not support being physically active. On the other hand, these measures may also have been the reason why a small proportion of individuals reported an increase in physical activity. As most individuals are no longer commuting to work and/or participating in their daily routines, some may choose to engage in physical activity (e.g., bicycling with children) as an opportunity to leave their homes. Some may even find the additional physical activity, regardless of duration or intensity, to be a helpful coping strategy.

In order to better understand the long-term impact of COVID-19 mitigation strategies on health behaviors and outcomes, longitudinal studies investigating changes in daily activities and health are needed. As physical restrictions are lifted, it will also be important to examine whether physical activity and mental health levels return to pre-COVID-19 levels, and whether these changes differ among individuals with different baseline levels of physical activity, stress, and anxiety.

Strengths and limitations {#sec018}
-------------------------

The primary strength of the present study is the timeliness of the survey. Data collection occurred between the last week of March and the first week of April 2020. Washington implemented the state-wide "stay home, stay healthy" order on March 24, 2020. The timing of the survey thus allowed us to capture the immediate impact of physical distancing measures and other mitigation strategies on perceived changes in physical activity and mental health in a relatively large sample.

Our use of twin pairs as participants is another strength because it allowed us to control for genetic and shared environmental factors that might otherwise confound the physical activity--mental health relationship. This level of control is not available in studying unrelated individuals, and thus our use of twin modeling provides robust evidence that any identified associations between exposures and outcomes of interest are "quasi-causal" rather than due to confounding and chance alone. Nonetheless, causal inference is still limited in the present study due to its observational design.

On the other hand, physical restriction measures in the U.S. varied greatly by state, and even by county, thus resulting in likely differences in how changes in activity levels were perceived. It was also difficult to identify specific timepoints for which the participants were to evaluate changes in the amount of physical activity for comparison purposes. In addition, at the time the survey was administered, most individuals were still adjusting to their new routines (e.g., working from home). It was impossible to assess the amount of physical activity they did *in a typical week*, as there was nothing *typical* once COVID-19 was declared a pandemic by the World Health Organization (WHO) on March 11, 2020.

As with any survey research, the current study potentially suffers from self-selection bias. Average stress and anxiety levels were relatively low; the average stress level was 12.6 (*SD* = 7.2) out of a maximum possible score of 40, and the average anxiety level was 3.8 (*SD* = 4.0) out of a maximum possible score of 24. It is therefore possible that individuals who chose to participate in this survey had lower levels of stress and anxiety overall, whereas those who were more stressed and anxious during this time opted not to participate. However, without information on non-responders, we are unable to speculate whether individuals with lower levels of stress and anxiety self-selected to participate in this study. It is also unknown whether different patterns of association would be found among those with extreme levels of stress and anxiety, thus limiting generalizability to samples with different demographic characteristics. Finally, as the current study relied on self-reported data, it is possible that our results may be affected by self-report bias.

Conclusions {#sec019}
===========

We found that a perceived decrease in physical activity or exercise was associated with increased perceived stress and anxiety levels, however, these associations were relatively small and confounded by between-family factors and demographic characteristics such as age and sex. Overall, our findings suggest that physical distancing mitigation strategies in response to the COVID-19 pandemic may have an impact on individuals' daily activities and mental health, specifically with slightly higher levels of stress and anxiety among those who experienced a decreased amount of physical activity. The WSTR is conducting follow-up studies to investigate the extent to which the amount of physical activity varies as physical restrictions are slowly lifted; these longitudinal studies will allow us to follow up on the present cross-sectional findings and further determine associations between changes in health behavior exposures and changes in mental health outcomes as the pandemic unfolds.

Supporting information {#sec020}
======================

###### 

(DOCX)

###### 

Click here for additional data file.

We thank the twin members of the Washington State Twin Registry for their participation in our research.

10.1371/journal.pone.0237695.r001

Decision Letter 0

Murakami

Michio

Academic Editor

© 2020 Michio Murakami

2020

Michio Murakami

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

17 Jul 2020

PONE-D-20-20044

Perceived change in physical activity levels and mental health during COVID-19: Findings among adult twin pairs

PLOS ONE

Dear Dr. Duncan,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please see Additional Editor Comments.

Please submit your revised manuscript by Aug 31 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Michio Murakami

Academic Editor

PLOS ONE

Additional Editor Comments:

1\. I recommend the authors to use \"physical distancing\" rather than \"social distancing,\" if they have no special reasons.

2\. The authors need to add a limitation that the causalty is questionable as a nature of observational study.

Journal requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and

<https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Please note that according to our data availability statement (<https://journals.plos.org/plosone/s/data-availability>), PLOS does not permit references to "data not shown." or \"data available upon request\".

Please provide the relevant data within the manuscript, the Supporting Information files, or in a public repository. If the data are not a core part of the research study being presented, please remove any references to these data.

Thank you for your attention to this request.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

4\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: [http://journals.plos.org/plosone/s/supporting-information](about:blank)
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This is a great opportunity to use twin designs to benefit the mental health of us all at this time. However, this manuscript requires some further editing to clarify the details of this study, as outlined in the feedback below. It also looks like you\'ve done a lot with the twin data you have and you may like to be more selective about what you include. Some of the more minor comparisons could be left out and used in another context?

Abstract:

Line 20-21: \"Participants in this study completed an online survey examining a number of health-related behaviors and outcomes and their impact due to COVID-19 mitigation\". Are outcomes and impact synonymous?

Line 36-38: \"These relationships are confounded by genetic and shared environmental factors, in the case of stress, and age and sex, in the case of anxiety.\" Be more specific when discussing confounding so as not to negate the value of your results entirely.

Also:

Add regression results (with effect sizes and p-values) to demonstrate the value in the paper beyond the descriptive statistics.

Name your measures and statistical designs in the Abstract.

Introduction:

Line 41: U.S. should be spelt out in full (first mention)

Line 43: Should read \"\... have been widely instituted\...\"

Line 62: Leading this section with \"An important strength of the current study\...\" is more appropriate for arguing the study\'s strengths in the Discussion section.

Line 64: Explain clearly the role of twin data in your study/the twin designs. Point out your aims in using the twin designs. This is particularly important for those unfamiliar with twin designs who are reading your manuscript. Eg. i. ACE model to determine x, y, z. ii. Within- and between-twin design to determine x, y, z.

Also, are you able to discuss any existing findings from other studies to make the case for your study?

Materials and Methods:

Line 77: Add reference to questionnaire

Line 109: Should read: \"Participants were asked about their feelings and thoughts in the last two weeks including the day the participant completed the survey\...\"?

Line 117: Should read \"including the day the participant completed the survey\"?

Line 125: \"Considering the non-linear associations between perceived change in physical\...\" How do the figures show the non-linear associations?

Line 128: Should read: \"Two comparisons were thus performed: decreased versus no change and increased versus no change; with each conducted separately for perceived stress and anxiety.\"

Line 131: Include the model numbers with each model in your methods to guide the reader

Line 141: Define b-subscript-A and b-subscript-C to make it clear what they represent. Eg. genetic (b-subscript-A a)

Line 150: \"whereas twin analyses were performed only on the same-sex twins sample\". Explain why you did this.

Results:

Explain the significance of between and within-pair comparisons

Use p-values with estimates when discussing evidence/significance of associations to help the reader easily understand your interpretations.

Discussion:

Line 219: Should read: \"The phenotypic association between a decrease in physical activity and change in/increase in stress\"?

Line 223: Should read: \"the phenotypic association between a decrease in physical activity and change in/increase in anxiety\"?

Line 249: U.S. (as used previously)

Line 251: \"\...it is likely \...\" Do you have evidence for this? Otherwise you might like to rephrase this as \"\...possible reasons for a decrease in physical activity include\...\" (You mention in Line 255 \"On the other hand, these measures may also have been

the reason why a small proportion of individuals reported an increase in physical activity.\"

Line 283: \"On the other hand, social restriction measures varied greatly by country\...\" Is the discussion of country differences relevant to members of a U.S. based twin registry?

Line 285: Should read: \"It was also difficult\...\" (Discussion has moved to a different topic)

Line 287: \"At the time the survey was administered\...\" (Again, use \"In addition\" or other similar phrase to indicate discussion of new topic)

Also, are there any other studies you can compare and contrast to yours to in the Discussion?

Reviewer \#2: Thank you for this opportunity to review your interesting and meaningful paper. The paper reports important and timely findings in an organised manner. This paper can further be strengthend by addressing the points below.

1\] Abstract

key points were reported. Methods should include analyses. Results were a bit unclear, partly because above is unclear; can be clearer.

2\] L40 - correct spell-out for covid-19 should be noted

3\] Why did you only evaluate anxiety and stress? For example, another common mental health problem is depression. Justificaiton for inclusion of anxiety and stress needs to be discussed.

4\] Sentences above \"L73 Materials and Methods\" are mixture of present and past tense, need to be consistent where appropriate. Also there are some errors e.g., \"have\" instead of \"has\". Proofreading is recommended.

5\] L79 - you collected data from March 26. You need to note somewhere the start date of covid-19 associated mitigations. L271 reports it but it\'s in California.

6\] L98, this survey is not relevant to recall bias, as your study looks at changes which include \'now\'. This sentence should be removed. When you specifically talk about the past only, then this would apply.

7\] What were the reliabilities of those scales you used?

8\] Basic data of your sample were missing. what were the reliabilities of your data? outliers? normal distribution? Perceived stress and anxiety are square-root-transformed (L146), but reasons (e.g., shapiro-wilk) were not provided.

9\] Age categorised by 10 is not well explained.

10\] Figures need description

11\] L245 - power analysis to be done to examine whether this statement stands or not

12\] L272 - Why did you refer to California?

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: **Yes: **Yasuhiro Kotera

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]
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